Screening chemical compounds, we found that a xenoestrogen, bisphenol A , showed potent repellent activity against the zoospores of A phanom yces cochlioides. Based on this finding, we tested a number of androgenic and estrogenic compounds (e.g. testosterone, progesterone, estradiols, diethylstilbestrol, estrone, estriol, pregnenolone, dienestrol etc.) on the motility behavior of A. cochlioides zoospores. Interestingly, most of the estrogenic compounds exhib ited potent repellent activity (1 ng/ml or less by the "particle m ethod") toward the motile zoospores of A. cochlioides. We derivatized som e of the estrogens and discussed the relation ship between the structure of active m olecules and their repellent activity. Apparently, aromatization of the A ring with a free hydroxyl group at C-3 position o f a steroidal structure is necessary for higher repellent activity Interestingly, methylation of diethylstilbestrol (D E S) yielded completely different activity i.e. both m ono-and di-methyl ethers o f D ES showed attractant activity. Moreover, the attracted zoospores were encysted and then germinated in the presence of di-methyl ether of DES. The potential usefulness o f this repellent test is discussed for the detection of estrogenic activity o f naturally occurring compounds, and the possible role of phytoestrogens in host/parasite interactions. So far, this will be the first report of repellent activity of estrogenic compounds toward trivial fungal zoospores.
Introduction
Aphanom yces cochlioides Drechsler (Saprolegniaceae; Oomycetes) causes damping-off and root rot diseases of sugar beet and spinach (Drechsler, 1928; Ui and Nakamura, 1963) . It also infects sev eral other species of Chenopodiaceae and Amaranthaceae (Ui and Nakamura, 1963) . Zoospores of A. cochlioides are attracted to the host roots by chemotaxis where they aggregate as a hemispheric mass on the surface of roots, encyst, germinate and penetrate into the root tissues. These phenom ena are believed to be regulated by host-mediated chemical signals (Rai and Strobel, 1966; Yokosawa et al., 1988; Horio et al., 1992 Horio et al., , 1993 . We identified cochliophilin A (1), as a host-specific attractant of the zoospores of A. cochlioides from the roots of spinach (Horio et al., 1992) . Compound 1 has also been reported in sugar beet (Takahashi et al., 1987) . A phenolic amide {N-trans-iexu\oy\-A-0-m ethyldopamine, 2 ) was also isolated from the roots of another host plant Chenopodium album, and identified as a potent attractant of A. cochli oides zoospores (H orio et al., 1993) .
We hypothesized that the roots of non-host plants may exude chemical signals responsible for their resistance. Based on this hypothesis, some bi oactive com pounds were isolated from non-host plant sources like zoospores motility inhibiting factors from Portulaca oleracea (Mizutani et al., 1998) , lytic factors from G inkgo biloba (Tahara et al., 1999) , repellent factors from Dalbergia odorifera (Islam and Tahara, 2001) . In an extensive screening of non-host plant extracts, we found that the viability and motility behavior of A. cochli oides zoospores were markedly regulated in the presence of plant extracts. Interestingly, the zoo spores of A. cochlioides were found to be almost unaffected by reputed cytotoxins like, vincristine, vinblastine, bleomycin hydrochloride, aphidicolin, paclitaxel, forskolin, (3a/?)-(+)-sclareolide, (S)-(+)-camptothecin etc. at about 1 0 0 0 (ig/ml (particle m ethod) (Islam and Tahara, 2001) .
In a parallel screening we found that bisphenol A (BPA) (3), a reputed xenoestrogen (Takai et al., 2 0 0 0 ), exhibited potent repellent activity against the zoospores of A. cochlioides. BPA (3) is a con stituent of polycarbonate plastics, epoxy and poly styrene resins that are used intensively in the foodpacking industry and in dentistry. In several ex periments, effects of BPA (3) on mammalian sys tems resemble those of 17ß-estradiol (Krishnan et al., 1993; Steinmetz et al., 1998) . The actions of 3 were found to be mediated through the estrogen receptor, a ligand-dependent transcription factor that regulates estrogen-responsive genes (Hiroi et al., 1999; Takai et al., 2000) .
Occurrence of mammalian sex horm ones in plants have been often reported (Heftm ann et al., 1966; Heftmann, 1975) . Their sporadic availability and the chemical role in plants were discussed by Heftmann (1975) and H arborne (1993) . The fact that human sex hormones, both male and female, occur in trace amounts in a num ber of plants is now well founded, but there is as yet no explana tion for these occurrence (Harborne, 1993) . It is difficult to screen plants for their occurrence due to their low level in plants. This prom pted us to study the effects of mammalian sex hormones, and their derivatives on the motile zoospores of phytopathogenic A. cochlioides.
Materials and Methods

General
The silica gel 60 ASTM mesh 230-400 was used for column chromatography while purity of the samples was checked on Merck Kieselgel 60 F254, 0.2 mm thick TLC plates. The spots were viewed under 254 and 365 nm UV light and spraying with 5% H 2S 0 4 in EtO H . The mass spectra were re corded on a JE O L JMS-SX102A (FD) mass spec trom eter and a JE O L JNM -EX 270 for recording the !H NMR. TMS was used as the internal stan dard in NMR spectrometry.
Materials
All chemicals commercially available were of the highest purity and unless otherwise stated were used without further purification. Bisphenol A (3), diethylstilbestrol (DES) (4), estrone (5), 17a-estradiol (6), 17ß-estradiol (7), estriol (8), dienestrol (9), testosterone (10), pregnenolone (11), progesterone (12) and 3-0-benzoyl-17ß-estradiol (23) were purchased from reputed pharm a ceutical companies. Formononetin was isolated from D. odorifera (Islam and Tahara, 2001) , and miroestrol was (a gift) from Dr.. J. L. Ingham, Uni versity of Reading, UK. One metabolite of testos terone 20) , and two metabolites of pre gnenolone 21; 22) were obtained from the biotransformation of 10 and 11, respec tively by Botrytis cinerea (Farooq and Tahara, 2000) . Cochliophilin A (1) and N-trans-feruloyl-4-O-methyldopamine (2) used in this experiment were synthesized by Horio et al. (1992, 1993) .
Production o f zoospores and bioassay
The fungus A. cochlioides (AC-5) was cultured for 3 -4 days on a corn meal agar (Difco) plate at 20 °C. The production of zoospores and the "par ticle bioassay" were carried out as previously re ported (Horio et al., 1992; Mizutani et al., 1998) . Briefly, one drop of solution of each chemical dis solved in EtO A c or acetone, and adjusted to an appropriate concentration, was dropped onto a few particles of Chromosorb W AW (60-80 mesh) on a watch glass. Excess solution was immediately absorbed by a tip of filter paper and the particles were allowed to evaporate the solvent. One to two of these particle(s) were carefully dropped into 2 ml of a zoospore suspension (1 0 5/ml) in a small Petri dish (3 cm i.d.), and the motility behavior of the zoospores around the particle(s) was observed microscopically up to 10-15 min after addition of the particle(s). Control particles were treated with solvent alone. A round particles treated with an in active compound, the zoospores moved in an un varying, regular m anner and at a constant speed. In contrast, zoospores close to particle(s) treated with any active compounds responded in one of the following ways. 1) A ttractant activity: rela tively large num ber of zoospores assembled around the particle(s), moving with increased speed in a complex zigzag or circular manner. There was a clear gradient in zoospore density which decreased with increasing distance from the particle. 2) Repellent activity: zoospores repelled from the treated particle(s) and not approaching to the particle(s) quickly became surrounded by a circular, zoospore-free zone. 3) Stimulant activity: zoospore movement near the particles increased in speed without any variation in zoospore density. 4) Encystm ent activity: zoospores stopped their motility, and changed into spherical spores sorrounded by the cell wall called cystospores. The cystospore is a thick-walled and non-motile spore that is relatively resistant to environmental stresses and can germinate when specific signal substance(s) are present.
D erivatization o f D E S and 17ß-estradiol
Commercially pure DES (4) and 17ß-estradiol (7) (each 100 mg) were acetylated at room tem perature for 12 h with equal volume of pyridine and acetic anhydride. After the acetylation pro cess, the reaction mixture was purified by prepara tive thin-layer chromatography (PTLC) in w-hexane -EtO A c = 3:1 v/v to give di-acetates of 4 and 7. M ono-and di-methylation of DES, and monom ethylation of 17ß-estradiol were done using suit able ratio of dimethyl sulfate in a mixture of K2C 0 3 and acetone, and the purification was done using similar technique applied to the acetates.
The aromatic hydroxyl group of 17ß-estradiol was selectively acetylated by reacting with an equal mol of KOH in acetone followed by the ad dition of 1.2 mol of acetic anhydride at room tem perature for 6 h. 3-0-Acetyl-17ß-estradiol (24) was purified by PTLC using the above solvent sys tem. 17-0-Acetyl-17ß-estradiol (25) was prepared by the hydrolysis of 3,17-0-diacetyl-17ß-estradiol using 10 equivalents of n-butylamine (/t-BuNH2) in benzene at room tem perature for 24 h (Bell, 1986) and purified by silica gel CC using n-hexane -EtO A c -M eOH = 3:1:0.3 v/v. The identity of all derivatives was confirmed by mass spectros copy and ID LH NMR.
Results
Effects o f estrogenic com pounds and their derivatives
We purchased some reputed commercial mam malian sex hormonal substances, for example, bisphenol A (3), diethylstilbestrol (DES) (4), estrone (5), 17a-estradiol (6), 17ß-estradiol (7), estriol (8), dienestrol (9), testosterone (10), pregnenolone (11), and progesterone (12). Also two natural estrogenic mimics, form ononetin (13) and miroestrol (14) (Jones and Pope, 1960) were included into the zoospores bioassay. A fter a preliminary bioassay using particle m ethod, we derivatized two representative estrogenic compounds, DES (4) and 17ß-estradiol (7) to their methylated and ace tylated derivatives (compounds 15-19) to e s ta b lish the relationship between structure and repel lent activity. In the bioassay, we also added one m etabolite of testosterone (TES-1, 20) and two metabolites of pregnenolone (PRE-4, 21; PRE-5, 22, Farooq and Tahara, 2000) , and a synthetic 3-0-benzoyl-17ß-estradiol (23). Two acetyl deriva tives of 17ß-estradiol, compounds 24 and 25 were also prepared and tested.
The bioassay results of mammalian sex hor monal substances and their derivatives toward the zoospores of A. cochlioides zoospores are pre sented in Table I . Most of the hormonal substances (compounds 3-11) exhibited repellent activities against the motility of the zoospores except pro gesterone (12) and the natural mimic miroestrol (14). The highest activity was recorded in DES (4), 17ß-estradiol (7) and estriol (8) (active at 0.5 \igl ml), followed by 17a-estradiol (6), estrone (5), dienestrol (9) (active at 1.0 jig/ml), testosterone (10) (active at 50 [ig/ml) and pregnenolone (11) (active at 100 [ig/ml). The natural mimic, miro estrol (14) did not show any activity up to 1000 (ig/ ml whereas another estrogenic natural product, form ononetin (13) showed attractant/stim ulant ac tivity towards A. cochlioides zoospores at 50 \igl ml. It revealed that most of the active estrogenic compounds except pregnenolone (11) showed higher repellent activity than that of an androgen, testosterone (10) The xenoestrogen, bisphenol A (3) showed clear repellent activity at 1 ^ig/ml un der the same bioassay condition.
The acetylated and m ethylated products (1 5 -17, 24 and 25) of DES (4) and 17ß-estradiol (7), showed relatively lower but the same kind of bio activity as the m other compounds (Table I) except the m ethylated products of DES (18 and 19) . In teresting to note that m ethylated DES (18 and 19) showed a completely different bioactivity towards the zoospores. DES dimethyl ether (19), displayed potent attracting activity followed by encystation of zoospores within 4 -5 min at 10 jig/ml concen- tration whereas DES (4) is a potent repellent. The However, lower concentration (1.0 [ig/ml) of 19 encysted zoospores were found to germinate at the just attracted and stimulated zoospores without bottom of petri dish after 4 0 -6 0 min of treatm ent, ceasing the motility of attracted zoospores. It was observed that the attracted zoospores seemed to search something by their flagella on the surface of treated particles. Before releasing their flagella at 10 ng/ml, the zoospores also wound up their fla gella around their body or moved in a circular fashion. On the other hand, DES monomethyl ether (18) showed attracting and stimulating activ ity at 10 jig/ml without impairing the motility of zoospores. Mizutani et al. (1998) observed that zoospores of A. cochlioides were halted by the ac tion of two different compounds, while individu ally applied one compound (l-linoleoyl-2-lysophosphatidic acid monomethyl ester) had repellent and the other (A^rans-feruloyltyramine) exhib ited stimulant activity. The microbial metabolites of testosterone (TES-1, 20) and pregnenolone (PRE-4, 21; PRE-5, 22), and 3-0-benzoyl-17ß-estradiol (23) did not show any activity toward the zoospores of A . cochlioides at 1000 [ig/ml.
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Effects o f estrogens in co-existence with the host-specific attractant, cochliophilin A
The effects of potent repellent factor DES (4) in co-existence with host-specific attractant cochli ophilin A (1) toward A. cochlioides zoospores are presented in Table II . Com pound 1 alone at lower concentrations (0.0005-0.001 fxg/ml) showed at tractant activity. However, at higher concentra tions (0.01-1.0 ng/rnl) it caused encystation fol lowed by germination of the attracted zoospores. On the other hand, DES (4) exhibits only repel lent activity in a dose dependent -m anner in a range of 1.0-100 [ig/ml. Application of 1.0 ^ig/ml of 4 with 0.0005 ^ig/ml of 1 completely inactivated each other (Table II) . However, concomitant ap plication of 0.001 ^ig/ml of cochliophilin A (1) with 1.0 jig/ml of DES (4) caused weaker attractant and prom inent stimulant responses by the zoospores. Clearly, the repellent activity of DES (4) was fully suppressed in this combination but the attractant activity of cochliophilin A (1) was also weakened and somewhat modified due to the presence of 4. Gradual increase of the concentration of 1 in com bination with a constant concentration of 4 (1.0 |Ag/ ml) displayed attractant, encystment and germina tion activity, and complete suppression of the ac tivity due to 4. On the other hand, concomitant application of higher doses of 4 and lower doses of 1 (10.0 ^ig/ml DES + 0.0005 [ig/ml 1 or 50.0 ^g/ ml DES + 0.001 (ig/ml 1 or 100.0 ^ig/ml DES + 0.01 ng/ml 1) exhibited clear repellent and stimu lant activity towards the zoospores (Table II) . The quality of zoospore responses was altered due to the mixing ratios of opposite active principles (at tractant and repellent). Interestingly, the attracted zoospores were pushed back instantly from the particles coated with higher amounts of both com pounds (100.0 (j,g/ml 4 and 0.1 ^ig/ml 1), and this phenom enon continued up to 5 -6 min. Finally, the attractant and encystment activity of cochliophilin A (1) emerged but some of the rejected zoospores were encysted within 4 -6 min. All encysted zoo spores germinated after 4 0 -6 0 min. Apparently, the receptor for estrogenic repellents was not af fected directly by attractants (1 and 2), because the repellent activity of estrogens was observed in the zoospores suspended in the homogenous solu tion of 1 or 2.
Discussion
These results show that the steroidal compounds with an aromatized A ring possess higher bioactiv ity toward A. cochlioides zoospores except 3 -0 -benzoyl-17ß-estradiol (23). The acetylation and methylation of 17ß-estradiol (16, 17, 24, and 25) and acetylation of DES (15) seemed to slightly decrease the repellent activity. Interestingly, how ever, mono-and di-methylation products of DES (18 and 19) exhibited a completely opposite bio logical activity (Table I ). In case of the benzoate group at C-3-OH in 17ß-estradiol (7), a zero activ ity was observed at 1000 [.ig/ml whereas acetylation at the same position showed a little lower repel lent activity than the m other compound (7). A ce tylation of the hydroxyl group at C-17 (25) did not affect much the repellent activity indicating that the free hydroxyl group at C-3 is more significant than that on C-17. Testosterone (10) and pregnen olone (11) showed lower activity than the estro genic compounds having aromatization in the A ring of their steroidal skeleton (5 -9 ). With respect to the structure-activity relationship, it appears that aromatization of A ring together with a free hydroxyl group at C-3 position is necessary for higher repellent activity of estrogenic compounds. O ther substituents at the same position (C-3) de creased the bioactivity which is related to the size of the substituents. There may be a correlation be tween estrogenic activity and repellent activity of steroids. In animals, the sex hormones are formed from progesterone by successive oxidation steps, both at C-17 and at C-19. The oxidative removal of the side chain leads to the C-19 series with an drogenic activity, and the oxidative removal of the angular methyl group at C-10 and aromatization of A ring leads to the C-18 series with estrogenic activity (Heftm ann, 1970) . The powerful synthetic estrogenic compound, D ES (4) displayed potency an equivalent to 17ß-estradiol (7) and estriol (8) (all active at 0.5 |ig/ml). On the other hand, a xenoestrogen, bisphenol A (3) exhibited repellent ac tivity at 1 ng/ml. It has been reported that in the mammalian system, com pound 3 acts through the estrogen receptor (Takai et al., 2000) .
Derivatives (18 and 19) resulting from methylation of DES (4) showed completely different active principles from that of the m other com pound. Both mono-and di-methylation products exhibited attractant and stimulant activity toward the zoospores of A. cochlioides. Moreover, the ac tivity of the di-m ethylated product (19) resembled the attractive activity of cochliophilin A (1) or N-?rans-feruloyal-4-0-methyldopamine (2) isolated from the host plants of A. cochlioides. Compound 1 and 2 , at around a 10-7 and 10-6 m concentration, respectively, strongly attract zoospores to the treated particles and subsequently cause encystation and germination of the attracted spores within 4 0 -6 0 min. Com pound 19 may act through a spe cific receptor because it was found to be active when compound 1 or 2, or other estrogenic com pounds were suspended in the homogenous solu tion of motile zoospores.
The m ajor m ammalian sex hormones (both an drogens and estrogens), like estrone (5), 17ß-estradiol (7), estriol (8), testosterone (10) have been isolated from several higher plants (Heftm ann, 1975; Harborne, 1993) . Basically, steroid hor mones are a group of substances derived from cholesterol which exert a very wide range of ef fects on biological processes such as growth, m e tabolism and sexual differentiation (King and Mawaring, 1974) . However, our current knowl edge on their effect in non-mammalian biological systems like microorganisms is limited. Both growth-inhibiting and growth prom oting effects of steroidal hormones have been observed by Fitz gerald and Yotis (1971), but more interestingly, testosterone and estradiol have been found to have sex horm one activity on yeast (Takao et al., 1970) . A n insect-repellent steroid was isolated from the Peruvian weed Nicandra physalodes (Bates and Eckert, 1972) . Antheridiol has been identified as the chemotactic horm one of the water mold, A chlya bisexualis (Saprolegniaceae, Barksdale, 1969) . Heftm ann et al. (1960) observed that a structurally related sterol of anthridiol, 5a-stigmast-22-en-3ß-ol, which is produced by Dictyostelium discoideum, triggers the rem arkable dif ferentiation which this slime mold undergoes.
In the present study, the estrogenic and repel lent activities of known estrogenic compounds re vealed to be correlated. The particle bioassay m ethod is very simple and convenient for testing the motility behavior of fungal zoospores. Thus, the present repulsion test seems to be useful for pre-screening the detection of estrogenic activity of naturally occurring compounds. Therefore, it may be im portant to carry out further work to evaluate the usefulness of this repulsion test for the bioassay-guided isolation of similar structures of phytoestrogenic compounds. Furtherm ore, high repellent activity of mammalian sex hormones towards fungal zoospores may be biologically significant because such high negative chemotaxis was not yet reported for any zoosporic fungi. It may be im portant for biorational control of zoo sporic fungi and/or in studying the molecular basis of chemoresponses of zoosporic fungi.
Phytoestrogen can sometimes be involved in plant growth and developm ent even in the sexual expression in plants (Heftm ann, 1975) but, to our knowledge, the negative chemotaxis toward fungal zoospores recorded herein has not been formerly described. Chemotaxis of fungal zoospores has been reported in many papers (Zentm yer, 1961; Cameron and Carlile, 1978; Yokosawa and Kuninaga, 1979; Yokosawa et al., 1986; Morris and Ward, 1992; Horio et al., 1992; Deacon and D on aldson, 1993) but, reports on negative chemotaxis are very few (Mizutani et a l, 1998, Islam and Ta hara, 2001 ). Previously, we found that monoacylated phosphatidic acid derivatives containing at least one hydroxyl group at the phosphoryl unit showed repellent activity against A. cochlioides zoospores (Mizitani et a l, 1998 ). (±)-M edicarpin, an isoflavonoid isolated from Dalbergia odorifera also exhibited repellent activity against the zoo spores of A. cochlioides (Islam and Tahara, 2001 ). The mechanism of high repellent activity by mam malian sex horm onal substances on fungal zoo spores is difficult to explain by our current knowl edge. Negative chemotaxis by mammalian sex hormonal substances most of which are also re ported in plants, raises questions on the occur rence of this phenom enon particularly during host/ parasite interactions, and the speculation that mi nor constituents of phytoestrogens may contribute to defend non-host plants against pathogens.
